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(54) Polyaxial locking plate 

(57) A f ractu re repair systenn for engagement with a 
bone includes a plate (14), which has a body portion (16) 
and an internal wall (20) defining a plate hole (22) 
through the body portion. The system includes one or 
more bushings (24) having a radially exterior surface 
(26) and an opposite radially interior surface (30) defin- 
ing a passageway. The exterior surface of the bushings 
and the interior wall of the plate are configured to permit 
polyaxial rotation of the bushings within the plate hole. 
The system further includes an attachment component 



(34) having a distal portion (36) sized for clearance pas- 
sage through the passageway (32) and into the bone 
and an opposite proximal portion (40) sized to press the 
bushings against the internal wall of the plate to fomi a 
friction lock between the bushings and the plate in a se- 
lected polyaxial position. The attachment component is 
positionabie in an orientation extending divergently from 
the centre of the plate. 
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(54) Polyaxial locking plate 

(57) A fracture repair system for engagement with a 
bone Includes a plate (1 4), which has a body portion (1 6) 
and an internal wall (20) defining a plate hole (22) 
through the body portion. The system Includes one or 
more bushings (24) having a radially exterior surface 
(26) and an opposite radially interior surface (30) defin- 
ing a passageway. The exterior surface of the bushings 
and the interior wall of the plate are configured to permit 
polyaxial rotation of the bushings within the plate hole. 
The system further includes an attachment component 



(34) having a distal portion (36) sized for clearance pas- 
sage through the passageway (32) and into the bone 
and an opposite proximal portion (40) sized to press the 
bushings against the Intemal wall of the plate to forni a 
friction lock between the bushings and the plate in a se- 
lected polyaxial position. The attachment component is 
positionable in an orientation extending divergently from 
the centre of the plate. 
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Description 

[0001 ] The present Invention reiates to a bone iocicing 
plate, more particularly the present invention relates to 
a bone locking plate that Includes an adjustable attach- 
ment component. Most particularly, the present Inven- 
tion relates to a bone locking plate that Includes an at- 
tachment component whose angle relative to the locking 
plate may be manipulated during surgery so that an ac- 
companying screw extends Into the bone in a desirable 
orientation. 

[0002] The skeletal system Includes many long bones 
which extend from the human torso. These long bones 
include the femur, fibula, tibia, humerus, radius and ul- 
na. These long bones are particularly exposed to trauma 
from accidents and as such often are fractured during 
such trauma and may be subject to complex devastating 
fractures. 

[0003] Automobile accidents for instance are a com- 
mon cause of trauma to long bones, in particular the fe- 
mur and tibia frequently fracture when the area around 
the knee is subjected to a frontal automobile accident. 
[0004] Often the distal and/or proximal portions of the 
long bone, for example, the femur and tibia are fractured 
into several components and must be re-attached. 
[0005] Mechanical devices most commonly in the 
form of pins, plates and screws are commonly used to 
attach fractured long bones. The plates, pins and 
screws are typically made of a durable material compat- 
ible with the human anatomy, for example titanium, 
stainless steel or cobalt chrome. The plates are typically 
positioned longitudinally along the periphery of the long 
bone and have holes or openings through which screws 
may be inserted into the long bone transversely. Addi- 
tionally, Intramedullary nails or screws may be utilized 
to secure fractured components of a long bone, for ex- 
ample, to secure the head of a femur. 
[0006] Fractures of long bones typically occur in high 
stress areas, for example, near the condyles or distal or 
proximal portions of the long bones. Such fractures in 
the distal or proximal condyle portions of the long bone 
may result in many Individual fragments which must be 
reconnected. Optimally, the bone plates should be po- 
sitioned adjacent to the distal or proximal portions of the 
long bones and pennit the securing of these fragments. 
[0007] More recently bone plates have been provided 
for long bones which have a profile which conforms to 
the distal or proximal portion of the long bone. For ex- 
ample such bone plates are available from DePuy ACE 
in the fonn of supra condylar plate systems. These 
plates have a contoured periphery to match the distal 
portion of a long bone, for example, a femur. These 
plates, however, include holes or opening through which 
transverse screws are used to secure the bone plate to 
the long bone. The openings in the bone plate provide 
thus for only one general orientation of the screw for at- 
tachment of the bone fragments, which is normally or 
perpendicularty to the bone plate. Thus often the opti- 



mum position of a screw may not be utilized as it does 
not confomn to a position nominal or perpendicular to 
the bone plate. 

[0008] Often with a fracture of condyles of the distal 

5 portion of a long bone the adjacent screws should be 
positioned and locked In a divergent direction diverging 
from the bone plate so that the distal condyles may be 
property secured by the bone screw. Two dimensional 
bone plates do not provide for the optimum diverging 

10 orientation of the bone screws. 

[0009] US-5954722 discloses locking plates for use 
in spinal applications which include a pivotable bushing 
within the plate which bushing is internally threaded and 
mates with external threads on bone screws. This type 

IS of locking plate permits an orientation of the bone screw 
in a position other than normally with the bone plate 
while also permitting locking of the screw. 
[0010] What Is needed Is a bone plate assembly that 
pemnlts the stress free securing of condylar distal or 

^ proximal portions of a long bone to a locking plate and 
allows for diverging locking orientation of adjacent bone 
screws within a bone plate to optimally secure the frag- 
ments from a long bone trauma. 
[001 1 ] In one aspect, the invention provides a fracture 

25 repair system for engagement with a bon e. The system 
includes a plate. The plate has a body portion and an 
internal wall defining a plate hole through the body por- 
tion. The system also Includes a bushing having a radi- 
ally exterior surface and an opposite radially interior sur- 

30 face defining a passageway. The exterior surtace of the 
bushing and the interior wall of the plate are configured 
to penmrt polyaxial rotation of the bushing within the 
plate hole. The system also includes an attachment 
component having a distal portion sized for clearance 

35 passage through the passageway and into the bone and 
an opposite proximate portion sized to press the bush- 
ing against the internal wall of the plate to forni a friction 
lock between the bushing and the plate in a selected 
polyaxial position. The attachment component is posi- 

40 tionable in an orientation extending divergently from the 
centre of the plate. 

[0012] In another aspect, the present invention pro- 
vides a knee fracture repair system for engagement with 
a bone which includes a femur plate including a body 

45 portion confomning at least partially to the contour of the 
femur and an Internal wall defining a femur plate hole 
through the body portion. The system also includes a 
tibia plate including a body portion conforming at least 
partially to the contour of the tibia and an Internal wall 

50 defining a tibia plate hole through the body portion. The 
system further includes a bushing including a radially 
exterior surface and an opposite radially interior surtace 
defining a passageway. The exterior surtace of the 
bushing and the interior wall of the plate are configured 

55 to permit polyaxial rotation of the bushing within at least 
one of the femur plate holes and the tibia plate holes. 
The system also includes an attachment component in- 
cluding a distal portion sized for clearance passage 
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through the passageway and into the bone and an op- 
posite proximate portion. The proximate portion is sized 
to press the bushing against the internal wall of the plate 
to fonm a friction lock between the bushing and at least 
one of the femur plate holes and the tibia plate holes in 
a selected polyaxial position. 

[0013] In a further aspect, the invention provides a fe- 
mur plate for use in a Icnee fracture repair system for 
engagement with a bone. The femur plate includes a 
plate portion having a body portion conforming at least 
partially to the contour of the femur and an Internal wall 
defining a femur plate hole through the body portion. 
The femur plate also includes a bushing including a ra- 
dially exterior surface and an opposite radially Interior 
surface defining a passageway. The exterior surface of 
the bushing and the interior wall of the plate portion are 
configured to perniit polyaxial rotation of the bushing 
within the plate hole. The femur plate includes an attach- 
ment component including a distal portion sized for 
clearance passage through the passageway and into 
the bone and an opposite proximate portion. The prox- 
imate portion Is sized to press the bushing against the 
internal wall of the plate portion to fomri a friction lock 
between the bushing and the plate portion in a selected 
polyaxial position. The attachment component is posi- 
tionable in an orientation extending divergently from the 
centre of the plate portion. 

[0014] In yet another aspect, the invention provides a 
tibia plate for use in a knee fracture repair system for 
engagement with a bone. The tibia plate includes a plate 
portion having a body portion confomriing at least par- 
tially to the contour of the tibia and an internal wall de- 
fining a tibia plate hole through the body portion. The 
tibia plate also includes a bushing having a radially ex- 
terior surface and an opposite radially interior surface 
defining a passageway. The exterior surface of the 
bushing and the interior wall of the plate are configured 
to permit polyaxial rotation of the bushing within the 
plate hole. The tibia plate further includes an attachment 
component having a distal portion sized for clearance 
passage through the passageway and into the bone and 
an opposite proximate portion. The proximate portion is 
sized to press the bushing against the internal wall of 
the plate to form a friction lock between the bushing and 
the plate in a selected polyaxial position. The attach- 
ment component is positionable in an orientation ex- 
tending divergently from the centre of the plate. 
[0015] In another aspect, the invention provides a 
method for coupling two bone portions together. The 
method includes the step of providing a locking plate ap- 
paratus including a plate having a body portion and at 
least two plate holes through the body portion, a bushing 
movably coupled in each plate hole and having a radially 
exterior surface, an opposite interior surface, and first 
and second ends defining a passageway between them, 
and at an attachment component for each bushing sized 
for extension into the passageway. Each attachment 
component includes opposite leading and trailing por- 
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tlons. The method also includes the steps of positioning 
the body portion upon the bone portions so that the plate 
holes in the plate are situated over bone and rotating at 
least one bushing within the plate hole until the first and 
5 second ends of the bushing are aligned along an axis 
that extends through a p re-determined portion of the 
bone. The method also includes the steps of inserting 
the leading portion of the attachment components into 
the respective passageway and driving the trailing por- 
tion of each attachment component through the respec- 
tive passageway until the leading portion is positioned 
in the bone and the exterior surface of the bushing is 
pressed against the body portion to form a friction lock 
between them. 

[0016] The invention will now be described by way of 
example with reference to the accompanying drawings, 
in which: 

Fig. 1 is a plan lateral view of a fracture repair sys- 
tem in accordance with the present invention with a 
femur plate coupled to a femur and a tibia plate cou- 
pled to a tibia; 

Fig. 2 is a perspective lateral view of a fracture re- 
pair system in accordance with the present inven- 
tion with a femur plate coupled to a femur and a tibia 
plate coupled to a tibia; 

Fig. 3 is a perspective view of a femur plate in ac- 
cordance with the present invention; 
Fig. 4 is a plan view of a the femur plate of Figure 3; 
Fig. 5 Is an enlarged plan view of a the femur plate 
of Figure 3; 

Fig. 6 is a cross section view of the femur plate of 
Figure 5 taken along lines 6-6; 
Fig. 6 A is a cross section view of the femur plate of 
Figure 5 taken along lines 6A-6A; 
Fig. 7 is a perspective view of a tibia plate in acconi- 
ance with the present invention; 
Fig. 8 is a plan view of the tibia plate of Figure 7; 
Fig. 9 is a cross-section view of the tibia plate of 
Figure 8 taken along lines 9-9; 
Fig. 10 Is a plan view of a cannulated, cancellous 
bone screw for attachment to cancellous bone of a 
long bone for use with the fracture repair system of 
Figure 1 ; 

Fig. 11 is a partial cross sectional view of the tibia 
plate of Figure 8 taken along lines 11-11 showing a 
portion of the tibia plate coupled to the tibia with the 
tibia plate in cross section and showing various 
bone screws positioned in the femur; 
Fig. 1 2 is a partial cross sectional view of the femur 
plate of Figure 4 taken along lines 12-12 showing a 
portion of the femur plate coupled to the femur with 
the femur plate in cross section and showing two of 
the bone screws of Figure 14 positioned in diver- 
gent positions in the condyles of the femur in ac- 
cordance with the present invention; 
Fig. 12 A is a partial cross sectional view of the fe- 
mur plate of Figure 4 taken along lines 12A-12A 
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showing a portion of the femur plate coupled to the 
femur with the femur plate in cross section and 
showing the bone screw of Figure 1 0 positioned in 
the condyles of the femur; 
Fig. 13 is a plan view of a cortical bone screw for 
attachment to both cortical bone surfaces of a long 
bone and for engagement with the bone plate for 
use with the femur plate of Fig. 4; 
Fig. 14 is a plan view of a bone screw for engage- 
ment with the bone plate installed in a bone plate 
according to the present Invention with a portion of 
the bone plate and a bushing providing polyaxial ro- 
tation shown in cross section; 
Fig. 15 is a top view of a bushing for providing 
polyaxial rotation of the bone screw according to the 
present invention; 

Fig. 16 is a plan view shown in cross section of the 
bushing of Fig. 15; 

Fig. 17 is a plan view of a drill guide instrument in- 
stalled on a bone plate for use with the fracture re- 
pair system of Figures 1-16; and 
Fig. 18 is a plan view of a cancellous bone screw 
for attachment to cancellous bone of a long bone 
for use with the fracture repair system of Figure 1 . 

[0017] Referring to the drawings, Figure 6 shows a 
fracture repair system 1 0 for engagement with a long 
bone 12. The long bone 12 may be any long bone, for 
example, a femur, tibia, fibula, humerus, radius or ulna, 
but as shown in Figure 1 the long bone is a femur. The 
fracture repair system 10 includes a plate 14. 
[0018] Referring now to Figure 4 the fracture repair 
system 14 is shown in greater detail. The plate 14 may 
be made of any suitable durable material and may, for 
example, be made of a metal, for example, a metal com- 
patible with the human anatomy, for example, cobalt 
chrome, stainless steel or titanium. The plate 14 in- 
cludes a body portion 16 and an interior wall 20. The 
interior wall 20 defines a plate hole 22 through the body 
portion 16. 

[0019] Referring now to Figure 1 2 the fracture repair 
system 10 is shown in greater detail. In addition to the 
plate 14 the fracture repair system 10 Includes one or 
more bushings 24. The bushing 24 includes a radial ex- 
terior surface 26 and opposite radial interior surface 30. 
The opposite radial interior surface 30 defines a pas- 
sageway 32 through the bushing 24. The exterior sur- 
face 26 of the bushing 24 and the interior wall 20 of the 
plate 14 are configured to pemnit the polyaxial rotation 
of the bushing 24 within the plate hole 22 (see Figure 
12). Such polyaxial rotation may be pemnitted by provid- 
ing an arcuate or spherical surface on the interior wall 
20 of the plate 1 4 and a mating arcuate or spherical sur- 
face on the radial exterior surface 26 of the bushing 24. 
[0020] The fracture repair system 1 0 further includes 
the attachment component 34 includes a distal portion 
36 sized for current passage through the passageway 
32 and into the long bone 12. The attachment compo- 



nent 34 further includes an opposite proximal portion 40 
sized to press the bushing 24 against the internal wall 
20 of the plate 14 to fomn a friction lock between the 
bushing 24 and the plate 14 In a selected polyaxial po- 
5 sition. The attachment component 34 is positionable in 
an orientation extending divergently from the centre of 
the plate. 

[0021 ] Referring now to Figures 3 through 6 the frac- 
ture repair system 1 0 is shown as femur plate assembly 
10. Preferably and as shown in Figures 3-6, the body 
portion 16 of the femur plate 14 preferably Includes a 
proximal portion 42 and distal portion 44. To provide for 
optimal support of the femur, the femur plate 14 has a 
shape generally confonning to the outer periphery of the 
femur 1 2. The proximal portion 42 of the bone plate 14 
Is generally fiat or planer In confomnlng to the general 
flat or planer nature of the proximal shaft portion of the 
femur. The femur plate 14 may have a bow to accom- 
modate the natural anterior/posterior bow of the femur 
12. The distal portion 44 of the femur plate 14 has a 
shape generally confonming to the condylar portion 46 
of the femur 1 2. Since the condylar portion 46 of the fe- 
mur 1 2 is arcuate or curved the distal portion 44 of the 
femur plate 14 is preferably curved to mate with con- 
dyles 50 of the condyle portion 46 of the femur 12. 
[0022] While the particular size and shape and dimen- 
sions of the femur plate 14 may vary widely depending 
upon the size of the femur on which it is installed, for an 
adult human femur, the plate 14 may have, for example 
as shown in Figure 4. an overall length L of about 15.2 
to 35.5 cm (6 to 1 4 inch) and a width W of about 0.64 to 
1 .9 cm (0.25 to 0.75 inch) or 0.9 to 3. 1 7 cm (0.75 to 1 .25 
inch) and a thickness T of, for example as shown in Fig- 
ure 6, about 0.31 to 0.64 cm (0.1 25 to 0.25 inch). Since 
the human anatomy is generally symmetrical, the femur 
plate 14 is either a right hand or left hand femur plate 
and the right hand and left-hand femur plates are differ- 
ent, but generally symmetrical with each other. 
[0023] While the fracture repair system of the present 
invention includes one or more bushings which cooper- 
ates with an attachment component such that the at- 
tachment component may be positionable In an orien- 
tation diverging from the centre of the plate, it should be 
appreciated that the fracture system or plate may in- 
clude a plurality of attachment components. Further 
these attachment components may be of different styles 
or types. 

[0024] Refemng now to Figure 6. the femur plate 14 
is shown with three different types of attachment com- 
ponents. Solid, fully-threaded, cortical screws 62 are po- 
sitioned in elongated openings 54 shown in Figure 4 in 
the proximal portion 42 of the femur plate 14. The fully- 
threaded cortical screws 52 may, as shown in Figure 6, 
be self-tapping and cut threads while they are being 
screwed through the plate into the bone during surgery. 
The cortical screws 52 are supported primarily by the 
cortical bone to which they have been secured. While 
the proximal portion 42 of the bone plate 1 4 may be se- 
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cured by a solitary cortical screw 52 preferably and, as 
shown In Figure 6, the proximal portion 42 of the femur 
plate 1 4 is supported by a series of several spaced apart 
fully threaded cortical bone screws. 
[0025] To provide ample support for the proximal por- 
tion 42 of the plate 1 4 and to provide for a standard com- 
mercially available femur plate 14, the femur plate 14 
preferably includes a unifomniy spaced apart pattern of 
elongated openings 54 shown In Figure 4. The surgeon 
may choose any of a number of the elongated openings 
54 shown In Figure 4 in which to drill and screw the cor- 
tical screws. Depending on the position of the fractures 
as few as two or three cortical screws may be sufficient 
to support the femur plate 14, 
[0026] Continuing to refer to Figure 6. cancellous 
screws 56 may also be placed In the elongated openings 
54 and used to secure the proximal portion 42 of the 
femur plate 14. 

[0027] The screw 56 unlike cancellous screw 70 (see 
Figure 6) does not Include threads on the head of screw 
56. The lack of screw threads on the head of screw 56 
allows the head to spin on the bushing 24 without lock- 
ing, thereby achieving a lagging effect. The cancellous 
screws 56 may be any suitable size and may, for exam- 
ple, be 2 to 6 mm solid, cancellous, partially or fully 
threaded cancellous screws. The cancellous screws 56, 
preferably have a length less than the thickness of the 
femur so that they may not protmde from the opposite 
surface of the femur. 

[0028] Distal portion 44 of the femur plate 14 is de- 
signed to follow the general contours of the lateral distal 
femur while the proximal portion 42 Incorporates the nat- 
ural bow of the femur. 

[0029] The femur plate 14 may Include one or more 
tapped openings 60 in the femur plate 1 4 which may be 
utilized to secure a drill guide 200 shown in Figure 17 
for aligning a drill and a screw driver for the insertion of 
the screws 52 and 56 into the femur. The drill guide 200 
will be described in greater detail later. 
[0030] According to the present Invention, the plate 
1 4 Includes attachment components which are position- 
able in an orientation diverging from the centre of the 
plate. The plate 1 4 thus includes at least one screw 70 
which is secured to the plate 1 4 by means of the bushing 
24. The screw 70 may be In the form of a cancellous 
screw. The cancellous screw is particularly well suited 
for securing the condylar portion of the distal portion of 
the femur. The cancellous screw 70 may be partially or 
fully threaded and may have any suitable length to reach 
the proper portion of the fractured condylar portion of 
the distal femur For example, the cancellous screw may 
have a length from 20 to 1 50 millimetres. The cancellous 
screw may have a suitable diameter to properly secure 
the fractured portions of the femur. For example, the 
cancellous screw may have a diameter of 3 to 1 0 milli- 
metres. The cancellous screw 70 is used to secure the 
distal portion of the femur plate to the bone. 
[0031] The cancellous screws may be rotated from 



the first position 72 shown in solid to position 74 shown 
rotated an angle a or to a third position 76 rotated in the 
opposite direction an angle p (see Figure 6). If the can- 
cellous screw 70 is rotated to the second position 74, 

5 the screw 70 will be utilized to secure fragment AA while, 
if the cancellous screw 70 is rotated to position 76, the 
cancellous screw 70 may be utilized to secure fragment 
BB. The tip of the cancellous screws 70 can therefore 
be rotated In a conical pattern. 

10 [0032] The cancellous screw 70 as shown In Figure 6 
may include external threads 80 on the head or proximal 
portion of the screw 70. Alternatively, the head or prox- 
imal portion may have a smooth conical head. The ex- 
ternal threads 80 mate with Internal threads 82 on the 

IS bushing 24. Preferably and as shown In Figure 6 the ex- 
ternal threads 80 are tapered such that as the external 
threads 80 of the screw 70 are engaged Into the bushing 
24 the bushing 24 expands, locking the radial external 
surface 26 of the bushing 24 to the radial interior surface 

20 30of the plate 14. 

[0033] By permitting the bushing 24 to rotate within 
the plate 1 4 and by permitting the bushing 24, the screw 
70 and the plate 14 to all be locked securely in place, 
the screw may be fixedly positioned in many different 

25 orientations, while maintaining all components at mini- 
mal stress. As shown in Figure 6, the feature of having 
the positlonable screw and plate configuration permits 
either fragment AA or fragment BB to be secured by the 
screw 70. 

30 [0034] Referring now to Figure 6A, one or any portion 
of the locations of the plate 14 may Include one or more 
bushings 124 which may altematively be utilized with a 
screw having a non-threaded head. For example, as 
shown in Figure 6A a cancellous screw 170 is shown 

35 similar to screw 70 but not Including external threads on 
the head of the screw. The screw 1 70 does include can- 
cellous threads 172 for securement to the cancellous 
bone. The screw 170 includes a head 174 which is se- 
cured against face 176 of bushing 124. In this configu- 

40 ration the bushing 124 serves to permit the rotation of 
the screw 170 in the direction of an-ows 100 and 102, 
thus pemriitting the orientation of the screw 1 70. The use 
of the bushing 124 prevents stress risers on the head 
1 74 or face 1 76 of the bushing 1 24. 

45 [0035] The plate 1 4 may be made of any suitable du- 
rable material that is biologically compatible with the hu- 
man anatomy and preferable made of a high strength 
metal. For example, the plate may be made of stainless 
steel, cobalt chrome or titanium. Preferably the plate 1 4 

50 Is manufactured from a forged or wrought titanium alloy 
One such suitable alloy complies with test method 
ASTM F-620-97 and another suitable alloy compiles 
with test method ASTM F-136 ELI. 
[0036] Referring to Figure 7, the femoral plate 314 

55 may be secured to the femur 312 during surgery either 
percutaneously or by conventional open surgery. When 
the femur plate 314 and screws are implanted In con- 
ventional open surgery a longitudinal cut 390 Is made 
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through the skin along the thigh 308 laterally where the 
femur plate is typically Installed. A lateral installation of 
the femur plate provides for the minimal interference 
with muscle, ligaments and other soft tissue. A longitu- 
dinal cut 306 in the thigh 308 through the skin parallel s 
to the femur 312 is made approximately the length of 
the femur plate 314 and the soft tissue Is pulled apart 
so that the femur plate may be placed in position. Can- 
cellous and cortical screws are then positioned over 
their respective openings in the femur plate 31 4 and se- 
cured to the femur 312. 

[0037] When perfonning percutaneous surgery the 
skin of the thigh 308 is opened laterally near the knee 
and a transverse cut 392 is made and femur plate 314 
is inserted at that opening and guided against the femur 
312 proximaily toward the hip. The proximal end of the 
femur plate 31 4 may include a contoured tip 384 to ease 
the percutaneous installation of the femur plate 314. 
[0038] While the femur plate 314 may be made of any 
suitable size depending on the size of the human in 
which the plate is to be installed, the femoral plates 314 
may be available in various lengths so that they will be 
available when trauma strikes. For example, the femoral 
plates may be provided with varying lengths including 
for example 5, 8, 11 , 14 or 18 screw holes in the shaft. 
[0039] The cortical and cancellous screws are manu- 
factured of any suitable durable material that are typi- 
cally manufactured of a wrought titanium alloy for exam- 
ple which complies with test method ASTM F-136 ELI. 
[0040] Referring now to Figure 12A, the femur plate 
14 may further include a cannulated cancellous screw 
for positioning In the condylar portion 46 of the femur 
12. The cannulated cancellous screw 62 preferably has 
a length slightly shorter than the length of the portion of 
the cancellous bone at the condylar portion 46 such that 
the cannulated cancellous screw does not contact the 
opposite cortical bone. The cannulated cancellous 
screw may, for example, be 8 mm cannulated cancel- 
lous and preferably as shown in Figure 12A include ex- 
ternal threads 48 located on proximal portion 38 of the 
cancellous screw 46. The external threads 48 mate with 
the internal threaded opening 49 of the distal portion 44 
of the femur plate 14. The cannulated cancellous screw 
62 provides additional structural support to the condylar 
portion 46 of the femur 1 2. Alternatively, the head of the 
cancellous screw 62 may be smooth, thereby allowing 
the head to spin in the plate without locking. The spin- 
ning achieves a lagging effect, I.e. drawing the frag- 
ments together. 

[0041] Referring nov; to Figure 10, the cannulated 
cancellous screw 62 is shown in greater detail. The can- 
nulated cancellous screw may not be in any particular 
size and may include a diameter D1 of, for example, 4 
to 10 millimetres. The cannulated cancellous screw has 
a length LI suff teient to occupy most of the condylar por- 
tion 46 of the femur or long bone 1 2. To provide for rigid 
attachment of the cannulated cancellous screw 62 to the 
bone plate 14, the cancellous screw 62 preferably in- 
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eludes a head 410 having external threads 412 which 
may mate with internal threaded opening 49 of the bone 
plate 14 (see Figure 12A). The cannulated cancellous 
screw 62 includes external threads 414 and may include 
an unthreaded shank portion 416. The cannulated can- 
cellous screw 62 may include a self-tapping tip 420 
which may also serve as a self-drilling as well as a self- 
tapping tip. As shown in Figure 10, the threads 412 on 
the head 410 are tapered to provide for a tight locking 
fit with the bone plate 14. The cannulated cancellous 
screw 62 Is by definition cannulated or includes a central 
longitudinal opening 422. 

[0042] Refemng now to Figure 1 3 a cortical screw 62 
is shown. The cortical screw 52 includes threads 514 
which are adapted for securing cortical bone. The cor- 
tical screw 52 may include an unthreaded shank portion 
(not shown). The cortical screw 52 Includes a head 552 
which may, as shown in Figure 13, have a generally oval 
shape. The cortical screw 62 may also include a self- 
tapping tip 520 which may also include self-drilling pro- 
visions. The cortical screw 52 has a length L2 which 
preferably is of sufficient length to engage the cortical 
bone on the opposite or exit side of the bone. The cor- 
tical screw 52 further includes a .thread diameter 02 
which is of sufficient size to provide sufficient holding 
power and engagement with the corttoal bone. For ex- 
ample and as shown in Figure 13, the cortical screw 52 
has a diameter D2 of, for example, 3.5 to 6 millimetres. 
[0043] Referring now to Figure 14 an attachment 
component according to the present invention is 
showed as cancellous screw 70. The screw 70 includes 
a distal portion 36 which has an outside diameter OD 
which is less than the inside diameter ID of the internal 
wall or surface 30 of the plate hole 22. The screw 70 
further Includes external threads 80 located on the prox- 
imal portion 40 of the screw 70. Preferably and as shown 
in Figure 14, the external threads 80 are tapered. The 
external threads 80 are mateably engageable with the 
internal threads 82 on the bushing 24. The bushing 24 
is pivotally engageable with the plate 14. The radially 
exterior surface 26 of the bushing 24 has a generally 
spherical shape and is mateably fitted with the interior 
wall or surface 30 of the plate hole 22. The interior 
threads 82 of the bushing 24 is larger than the outside 
diameter of cancellous threads 71 on the screw 70 to 
permit the distal portion of the 36 of the screw 70 to sl- 
idably pass or thread through the plate hole 22. The can- 
cellous threads 71 are adapted for efficient engagement 
with cancellous bone 96 and the screw 70 has a length 
L3 which is sized to provide for the cancellous thread 
71 to engage a significant portion of the cancellous bone 
96. 

[0044] Refemng now to Figure 18, a fully threaded 
cancellous screw 56 is shown for use with the bone plate 
14. The cancellous screw 56 includes a head 610. The 
head 610 may have any suitable shape and may, for 
example, be flat head as shown in Figure 1 8 or have a 
pan head shape. The screw 56 unlike cancellous screw 
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70 (see Figure 6) does not include threads on the head 
of screw 56. The lack of screw threads on the head of 
screw 56 allows the head to spin on the bushing 24 with- 
out locking, thereby achieving a lagging effect. The can- 
cellous screw 56 has a length L4 to provide for engage- s 
ment with a suitable portion of the cancellous bone (not 
shown). The cancellous screw has threads 614 which 
are adapted for engagement with cancellous bone. The 
thread 614 has a diameter D4 which is sized for efficient 
and effective support and engagement with the cancel- 
lous bone. For example, the cancellous screw 56 may 
have a diameter D4 of, for example 2 to 6 mm. The can- 
cellous screw 56 further includes a tip 620. The tip 620 
may optionally include self-drilling and/or self-tapping 
features., 

[0045] Referring now to Figure 15, the bushing 24 is 
shown In greater detail. The bushing or collet is manu- 
factured of any suitable durable material that is compat- 
ible with the human body. For example the collet may 
be made of cobalt chrome, stainless steel or titanium. 
For example the bushing 24 may be manufactured of a 
wrought titanium alloy. A suitable wrought titanium alloy 
Is such as complies with test method ASTM F-136 ELI. 
[0046] The bushing 24 preferably includes a radial 
opening or passageway 32 on the periphery of the bush- 
ing 24. The passageway 32 extends from the radially 
exterior surface 55 through the opposite radially interior 
surface 53. The bushing 24 has a first relaxed position 
85 which represents the shape of the bushing 24 when 
not assembled into the plate 14. The bushing 24 further 
has an assembled position 87 as shown in the dotted 
line. The assembled position 87 represents when the 
bushing 24 is placed within the plate 14 and when the 
screws are not installed. The bushing 24 further has an 
expanded position 88 shown in phantom in which the 
bushing 24 is shown with the bushing 24 installed in the 
plate 24 and the screws installed within the bushing 24. 
[0047] As can be seen in Figure t5, the bushing 24 is 
contracted when the assembled position 87 to provide 
for an interference fit between the bushing 24 and the 
plate 1 4. Further as shown In Figure 1 5, the bushing 24 
is expanded as it moves from the assembled position 
87 to the expanded position 68. This occurs because 
the tapered threads during engagement cause the 
bushing 24 to enlarge. The enlarging of the bushing 24 
causes a tighter interference between the bushing 24 
and the plate thereby securely locking the bushing in its 
polyaxial oriented position with minimal stress. 
[0048] Referring now to Figure 16a cross-section of 
the bushing 24 is shown. As shown In Figure 18 prefer- 
ably the bushing 24 has a spherical radius which de- 
fines the radial exterior surface 26 of the bushing 24. By 
providing a spherical radius R^ the bushing 24 may be 
oriented into a number of angular positions with respect 
to the plate. 

[0049] Referring to Figure 16 the internal threads 82 
of the bushing 24 have a taper defined by an internal 
angle ppp. The angle ppp may be. for example, from 3 



to 30°. As shown in Figure 16 the truncated spherical 
shape of the radial exterior surface 26 may be modified 
by corner radius R. 

[0050] While the fracture repair system of the present 
invention includes the bushing to provide for positioning 
of the attachment component in a variety of diverging 
directions while providing for reduced stress at the plate, 
when percutaneously securing a bone screw to a bone 
plate location which does not provide for the pivotal se- 
curement of the bushing arrangement, it is critical that 
the screws in such fixed locations be properly posi- 
tioned. Referring now to Figure 1 7 preferably the femur 
plate 14 is used in conjunction with drill guide 200. Drill 
guide 200 is Installed onto the femur plate 1 4 during sur- 
gery and is utilized to guide drills and screwdrivers to 
properly orientate the screws that are placed in the prox- 
imal portion of the plate 1 4. The drill guide 200 includes 
a locating feature 202 in the form of, for example, an 
elongated pin which closely fits to the elongated slots of 
a plate. The drill guide includes a riser portion 204 and 
a bar portion 206 which Is positioned parallel and 
spaced from the plate 14. 

[0051] The bar portion 206 includes a series of bush- 
ing holes 210 which are in alignment with the centre of 
the elongated openings 54 in the plate 1 4. To properly 
secure the drill guide 200 to plate 14, for example, the 
drill guide 200 may include a securing screw 21 4 which 
may be slidingly fitted to an opening 21 6 in the riser por- 
tion 204 and which may be secured to tapped opening 
60 in the plate 14. 

[0052] The drill guide 200 may be utilized both in con- 
ventional open surgery and in percutaneous surgery. 
When utilized in percutaneous surgery the bushing 
holes 210 may be utilized to guide trocars which will 
open the skin and tissue around the openings pemnitting 
the screws to be property secured. Since the human 
anatomy is generally symmetrical, the drill guide 200 is 
either a right hand or left hand drill guide and the right 
hand and left-hand drill guide are different, but generally 
symmetrical with each other. It should be appreciated 
that the drill guide may be utilized for any bone plate for 
supporting any long bone for example a tibia, humerus, 
ulna, radius or fibula. 

[0053] While the fracture repair system has been de- 
scribed in detail as a femur plate, it should be appreci- 
ated that the plate may be utilized for supporting any 
long bone for example a tibia, humerus, ulna, radius or 
fibula. 

[0054] Referring now to Figures 7 to 9 and 1 1 , a tibia 
plate 314 for installation onto a tibia 312 is shown. The 
fracture repair system 310 for use on the tibia 312 in- 
cludes a tibia plate 314 having a body portion 316. The 
body portion 316 includes a distal portion 342 and a 
proximal portion 344. The tibia plate 314 like the femur 
plate 14 is preferably positioned laterally on the long 
bone. The lateral position of the tibia plate reduces the 
amount of soft tissue that must be dislocated to position 
the tibia plate 314. Since the human anatomy is gener- 
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ally symmetrical, the tibia plate 314 is either a right hand 
or left hand tibia plate and the right hand and left-hand 
tibia plates are different, but generally symnnetrical with 
each other. The proximal portion 344 of the tibia plate 
31 4 is designed to follow the general contours of the lat- 
eral proximal tibia. The proximal portion 344 of the plate 
31 4 is contoured to fit the lateral condyle 350 of the con- 
dylar portion 346 of the tibia 31 2. The body portion 31 6 
of the tibia plate 31 4 like the body portion 1 6 of the femur 
plate 14 has a generally arcuate cross-section to con- 
form with the distal shaft of the tibia 312. 
[0055] The tibia plate 314 like the femur plate 1 4 may 
be made of any suitable durable material that Is com- 
patible with the human Immune system and may for ex- 
ample be made of a durable non-corrosive material such 
as stainless steel, cobalt chrome or titanium. For exam- 
ple, the tibia plate may be manufactured from a forged 
or wrought titanium alloy. For example, such a titanium 
alloy may be such as complies with test methods ASTM 
F-620-97 or ASTIVI F-136 ELI. 
[0056] Referring now to Figure 7, the tibia plate 314 
may be inserted into the human anatomy percutaneous- 
ly or by conventional open surgery. When inserted by 
conventional open surgery, the leg 308 is cut with a lon- 
gitudinal incision 390 of length roughly equal to that of 
the tibia plate 314. The soft tissue is moved away from 
the tibia 312 and the tibia plate 314 is placed against 
the tibia 312. Screws such as those for the femur plate 
are utilized to secure the tibia plate 31 4 to the tibia 312. 
If the tibia plate 314 is to be inserted percutaneously, a 
smaller longitudinal incision 392 is made in the skin of 
the leg 308 near the knee and the distal portion 342 of 
the body portion 316 of the tibia plate 314 is inserted in 
the incision 392 in the direction of arrow 306 toward the 
distal portion of the leg. A contoured tip 384 on the distal 
portion of the 342 of the tibia plate of the tibia plate 314 
is shaped to ease the insertion of the tibia plate along 
the contour of the tibia 31 2 in the direction of arrow 306. 
[0057] For installation either percutaneously or by 
conventional open surgery of the tibia plate 314 drill 
guides (not shown) such as drill guide 200 for the femur 
plate as shown in Figure 17 are utilized. Again, as with 
the femur plate, the drill guide may be utilized to guide 
the drill and the screws whether the plate and screws 
are inserted percutaneously or by conventional open 
surgery. It should be appreciated that a left-hand drill 
guide (not shown) and a right hand drill guide (not 
shown) are necessary respectively for the right hand 
and left-hand tibia plates (not shown). 
[0058] Referring now to Figure 8, the tibial plate 314 
may be made of sufficient dimensions to properly sup- 
port the tibia 312. The proper dimensions of the tibial 
plate 314 are dependent thus on the size of the partk;- 
ular tibia to be treated as well as the inherent strength 
of the material from which the tibial plate 31 4 is made. 
For example, the tibial plate 314, if made of titanium, 
may have a thickness TT (see Figure 9) of, for example, 
approximately 1 .6 to 6.4 mm (0.063 to 0.25 inch) and a 
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WW width of around 6.4 mm to 19 mm (0.25 to 0.75 
inch) and a length LL of, for example, from 12.7 to 25.4 
cm (5 to 10 inch). To provide for a range of standard 
tibial plates, the tibial plates may be provided in varying 
5 lengths of, for example, a length with a number of elon- 
gated openings 354 of, for example, 4, 7, 11 , or 1 4 elon- 
gated openings. 

[0059] According to the present invention and refer- 
ring to Figures 7 to 9 and 11 , the tibial plate 31 4 includes 
10 the body portion 31 6 which conf onns at least partially to 
the contour of the tibia 312. The tibia plate 314 also in- 
cludes an interior wall 320 which defines a tibia plate 
hole 322 through the body portion 316. 
[0060] Refen-ing to Figure 9, the tibial plate 314 fur- 
ther includes one or more bushings 324. The bushing 
324 includes a radially exterior surtace 326 and an op- 
posite radially interior surface 330. The opposite radially 
interior surtace 330 defines a passageway 332 there 
through. The exterior surface 326 of the bushing 324 
and the interior wall 320 (see Figure 9) of the plate 314 
cooperate with each other and are configured to permit 
polyaxial rotation of the bushing 324 within the plate hole 
322. The tibial plate 31 4 further includes an attachment 
component 370 in the form of, for example, a cancellous 
screw. The screw 370 includes a distal portion 336 sized 
for clearance passage through the passageway 332 and 
into the cancellous bone 394. 

[0061] The screw 370 further includes a proximate 
portion 340 sized to press the bushing 324 against the 
inner wall or surtace 330 of the plate 324 to form a fric- 
tion lock between the bushing 324 and the plate 314 in 
a selected polyaxial position. For example, the cancel- 
lous screw 370 may be in a first polyaxial position 372 
as shown in solid line 372 (see Figure 11). Alternatively, 
the cancellous screw 370 may be onented an angle aa 
from the first position 372 Into a second position 374 as 
shown in phantom. Alternatively, the cancellous screw 
370 may be positioned in, for example, a third position 
376 positioned at an angle jjp from the first position 372. 
The cancellous screw 370 may thus be positioned with 
a diverging angle aa or from the first position 372. 
[0062] Preferably and as shown in Figure 1 1 , the prox- 
imal portion 340 of the cancellous screw 370 includes 
external tapered threads 380 which mate with internal 
threads 382 located within the bushing 324. By provid- 
ing tapered threads as the cancellous screw 370 is 
screwed into the bushing 324, the bushing 324 expands 
with the radially exterior surtace 326 of the bushing, 
seating and securing against the radially interior surface 
330 of the plate 314. This provides for stress-free, se- 
cure locking of the screw 370 to the plate 314. 
[0063] Alternatively, the attachment component 
which mates with the bushing 324 may be provided with- 
out any threads in the proximal portion of the attachment 
component similarly to the screw 1 70 of Figure 6A. Such 
a screw will provide for polyaxial positioning of the at- 
tachment component with reduced stress. The screw 56 
unlike cancellous screw 70 (see Figure 6) does not in- 
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elude threads on the head of screw 56. The lack of screw 
threads on the head of screw 56 allows the head to spin 
on the bushing 24 without locking, thereby achieving a 
lagging effect. 

[0064] By positioning the cancellous screw 370 Into 
the first position 372 or the second position 374 or the 
third position 376, the screw 370 may be positioned to 
properly secure fragments. For example as shown in 
Figure 9 the cancellous screw 370 being positioned in 
second position 374 may provide for the securing of a 
fragment CC while the positioning of the cancellous 
screw 370 in the third position 376 may provide for the 
securing of fragment DD. 

[0065] The fracture repair system 310 for use for re- 
pairing a fractured tibia may include additional attach- 
ment components such as additional attachment com- 
ponent 370. Thus the fracture repair system may include 
a second cancellous screw 370 positioned at a second 
plate hole (not shown). In addition to a plurality of can- 
cellous screws 370, the fracture repair system 31 0 may 
include, in addition to the polyaxial screws, additional 
cancellous or cortical screws. For example, Referring to 
Figures 9 and 11, the repair system 310 may include 
fully threaded cortical screws 352 similar to the cortical 
screws 52 of the femur plate 1 4. The cortical screws 352 
preferably extend through the cancellous bone 394 and 
engage with the cortical bone 396. The fracture repair 
system 310 may further include cancellous screws for 
example cancellous screws 356 located in the proximal 
portion 344 of the bone plate 314 as shown In Figure 
11. Such cancellous screws 356 are preferably of a 
length short enough that they do not reach through to 
the opposed cortical bone 396. The tibial plate 314 may 
include one or more tapped openings 360 in the tibial 
plate 314 which may be utilized to secure a drill guide 
(not shown), similar to the drill guide 200, for aligning a 
drill and a screw driver for the insertion of the screws 
352 into the tibia. 

[0066] Referring now to Figures 1 and 2 a fracture re- 
pair system 71 0 comprises an assembly of both a femur 
plate 14 and a tibia plate 114. Frequently the polyaxial 
plates of the present invention are sold as a fracture re- 
pair system 710 including both a tibial plate 114 and a 
femur plate 14. Such a combination is often required in 
severe knee trauma caused, for example, in front-end 
auto accidents. It should be appreciated that a fracture 
repair system may include a plate for any other long 
bone for example a humerus, ulna, fibula or radius. 
[0067] By providing a fracture repair system including 
a bushing to permit polyaxial rotation of the bushing 
within the hole plate an attachment component may be 
secured to a plate with the ability to position divergently 
to secure the fracture of the bone most efficiently. For 
example bone fragments may be reached by orienting 
the attachment component relative to the plate in such 
a direction to reach various bone fragments. 
[0068] By providing a fracture repair system including 
a bushing with a spherical outside diameter in cooper- 
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ation with a plate having a spherical bore, a low-friction 
polyaxial rotation of the attachment component relative 
to the plate is possible. 

[0069] By providing a fracture repair system including 
5 a bushing having a tapered threaded bore in coopera- 
tion with a tapered threaded or n on -threaded attach- 
ment component, the attachment component may be 
rigidly secured in a variety of orientations. 
[0070] By providing a fracture repair system including 
a polyaxial bushing which may be rigidly secured to a 
plate and including a closely confomiing plate which 
closely conforms to the condyle areas of a long bone 
the fragments fractured components within the condyle 
areas may be effectively and efficiently contained. 
[0071] By providing a fracture repair system including 
a threaded alignment hole for securing a jig for drilling 
and threading the plate to the bone perpendicularly, a 
simple to use effective efficient bone plate system can 
be provided. 

[0072] By providing a bone plate including a con- 
toured tip for percutaneous insertion, a bone plate may 
be provided percutaneously for minimally invasive sur- 
gery. Such a contoured tip permits easy and effective 
insertion and alignment of the plate to the bone. 



Claims 

1. A fracture repair system for engagement with a 
bone, the system comprising: 

a plate including a body portion and an internal 
wall defining a plate hole through the body por- 
tion, 

a bushing including a radially exterior surface 
and an opposite radially interior surface defin- 
ing a passageway, the exterior surface of said 
bushing and the interior wall of said plate being 
configured to permit polyaxial rotation of said 
bushing within the plate hole 
an attachment component including a distal 
portion sized for clearance passage through 
the passageway and into the bone and an op- 
posite proximate portion sized to press said 
bushing against the internal wall of said plate 
to form afrk:tion lock between said bushing and 
said plate in a selected polyaxial position, said 
attachment component being positionabte in an 
orientation extending divergingly from the cen- 
tre of said plate. 

2. A fracture repair system as in claim 1 wherein said 
plate defines a surface thereof, the surface closely 
conforming to the bone. 

3. A fracture repair system as in claim 1 wherein said 
plate includes a second internal wall defining a sec- 
ond plate hole, said second internal wall defining 
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internal threads; and In which the system Includes 
a second attachment component defining external 
threads thereon, said second attachment compo- 
nent threadably secured to said plate. 

4. A knee fracture repair system for engagement with 
a bone, the system comprising: 

a femur plate including a body portion confonn- 
ing at least partially to the contour of the femur 
and an internal wall defining a femur plate hole 
through the body portion, 
a tibia plate including a body portion conforming 
at least partially to the contour of the tibia and 
an internal wall defining a tibia plate hole 
through the body portion, 
a bushing including a radially exterior surface 
and an opposite radially interior surface defin- 
ing a passageway, the exterior surface of the 
bushing and the interior wall of said plate being 
configured to permit polyaxial rotation of the 
bushing within at least one of the femur plate 
hole and the tibia plate hole, and 
an attachment component including a distal 
portion sized for clearance passage through 
the passageway and into the bone and an op- 
posite proximate portion sized to press the 
bushing against the internal wall of the plate to 
fomi a friction lock between the bushing and at 
least one of the femur plate hole and the tibia 
plate hole in a selected polyaxial position. 

5. A fracture repair system as in claim 1 or claim 4 
wherein said bushing defines an axial opening on 
the periphery thereof from the radially exterior sur- 
face through the opposite radially interior surface 

6. A fracture repair system as in claim 1 or claim 4 
wherein said attachment component is positionable 
in an orientation extending divergently from the cen- 
tre of the plate. 

7. A fracture repair system as in claim 1 or claim 4 
wherein the plate further comprises a second inter- 
nal wall defining a second plate hole through the 
body portion, the system including a second bush- 
ing including a radially exterior surface and an op- 
posite radially interior surface defining a second 
passageway, the exterior surface of the second 
bushing and the second interior wall of said plate 
being configured to pemilt polyaxial rotation of the 
second bushing within the second plate hole, and 
further including a second attachment component 
including a distal portion sized for clearance pas- 
sage through the second passageway and into the 
bone and an opposite proximate portion sized to 
press the second bushing against the internal wall 
of the plate to form a friction lock between the sec- 
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ond bushing and the plate in a selected polyaxial 
position, said second attachment component being 
positionable in an orientation extending divergently 
from the centre of the at least one of the femur plate 
s hole and the tibia plate hole. 

8. A fracture repair system as in claim 1 or claim 4 
wherein the radially exterior surface of said bushing 
comprises a truncated spherical shape, and where- 
to in the internal wall defining the plate hole comprises 

a truncated spherical shape. 

9. A fracture repair system as in claim 1 or claim 4 
wherein said attachmentcomponent comprises first 

IS external threads on the proximate portion thereof 
and second external threads on the distal portion 
thereof, and wherein the radially interior surface of 
said bushing comprises first internal threads there- 
on, said first internal threads of said bushing en- 
20 gageable with said first internal threads of said at- 
tachment component. 

10. A fracture repair system as in claim 1 or claim 4 
wherein at least one of said first internal threads of 

25 said bushing and said first internal threads of said 
attachment component are tapered. 

1 1 . A knee fracture repair system as in claim 4 wherein 
at least one of said femur plate and said tibia plate 
includes a second internal wall defining a second 
plate hole, said second internal wall defining inter- 
nal threads; and which includes a second attach- 
ment component defining externa! threads thereon, 
said second attachment component threadably se- 
cured to said at least one of said femur plate and 
said tibia plate. 
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